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1. PREVIOUS TESTS

,. ,.
. . .

Report No. 540/35 contained a description of then-
available equipment for testing the creep strength of.alu-
minum”alloys as well as the test results. This oriqinal
equipment, emplo~rin~ the Rohn system, is semiautomatic ‘.
and affords practical values corresponding approximately
to the creep stren~;th. Individual strain measurements
with the l!artens mirror instrument On test “oars at a load
corresponding to the creep strenqth obtained earlier at
elevated temperature, disclosed a rate of strain su-~stan-
tially lower than specified., accordinq to the definition
of “creep strensth” (DW standard) : rate of elongation =
1/1000 percent per hour, from the 25th to 35th hour of
loading; the plastic deformation e.fter tile 45th hour of
loadinq should not exceed 0.2 percent.

2. N3W TIISTING ilRRANGEMENT

Since then the Rohn-type equipment has 3een mounted
on rulber blocks, for the purpose of d.ampinq the vi-ora-
tions of the ground and of renderin~ the plastic yielding
of the test bars less subject to outside interferences.
New equipment also included three shockproof creep-testing
machines with the ],[arteqsmirror instruments for recording
the strain curve of the fatique-tested specimens. For the
control and maintenance of a constant test temperature in
the heating oven of the creep-testing machi~.es$ rheostats
were mounted on a speaial controlpanel, and for the-elim-
ination of voltage fluctuations in the alternating-current
system, “each %roup of machines is fitt~.d with an auxiliary
oven that keeps the suppiied quantity of eledtr,icit.y con-
——_________ _______ ____________———————
*Abbreviated copy of’ Report Noc 5S6, entitled: “Warm’dauer-

standfestiqkeit sta%ilisierter Alumin-”iurn-l{-n,e”t-”Leqier-
unxen.1’ Alumi~um-Industrie A.G.-Neuhausezi, Swit!zB~land,
December 30, 1939.
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Stallt, and so assures a Const(ant ,heat supply in the sepa-
rate ovens, as well as a constant ter:perature “oy constant
heat removal.

‘With these auxiliary ovens, the rheostats and - d.e-
yendir.g upon t’he choice of tapping the ovens - the test
temperature can he re$ulated ‘oy deqree from 20° to 500° C,
and kept constant for any len%th of time to within *~.50 c

accuracy. The chan~e in cooling conditions caused ‘oy v~ur-
iahle room temperature on the separate o~erls can ‘be com-
~ensated b~- Proper selectio-n of the auxiliz+ry oven temper-
ature . Ilventually , existing ter.perature d.iffcrences on
the lo~7er, middle, Gr up~er ~zrt of the +est ‘~ar C<2C be
compensated ‘oy suita”ol.y chosen section of the ventilation%
holes on the up~er end of the vertically su.spend.ed iu.%e
furr-ace of tlhe creep-strenqth nachir-es.

Photograph ITo. P 3036 shows the installation.

a.) Static Creep Streng%~ (Short-Per20d Test)

Since, prior to the present creep-strength tests: the
amouiit of data on the behavior of’ ,alum~inum alloys at ele-
vated temperature and static tensile stress was not very
qreat, the experiments described. hereinafter were made ex-
clusively on stabilized alurninur: alloys. Even tbou~h such
alloys (in completely softened state) are not likely to ‘oe
used for structural parts, their testing is nevert’neless
justified ‘oecause the test values o%tained represent ex-
treme casesvvhich eventually could occur after Zonq-time,
contin-uous reheating; and on the stabilized altiminum al-
10J,S, the hot-hardecinq or softening @henomena. are rot
the same as orI age-hardened or could-wo”rked tn”lufi.inumalloys.
Now that the behavior of stabilized alumi-nurn allo,ys is
known and certain experimental data have been accumulated,
a%e--hardened and cold-formed ,nlloys of aluminum cnn also
be investi$;a,ted concerning their creep strength-

To compensate for any difference in structure in the
extrusion-s which. might cause nonu:liformities in the indi-
vidual test values, the separate extrusions were redrawn
cold, to test b~.rs of from 25- to 2C-millimeter diameter:
from 22- to 18-millimeter diameter; cr from 20-- to 18-
millimeter diam,eter, “oefore being sta’oilized %y a:nnealin-$.
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The tests, .SO f’ar, incluide the “followin.q alloys :...
.- . .. ,,” !

A luni 12UL1‘,“99s-5”j?ercent ‘pure, extrl~ded to215 “m diameter;
“redrawn cold. to 20 r.n .di”atieter,and stak”ilized.

.’
Antic orodal, 1 perc:ent’ Si, routine cast, extfiuded to 22 nn

dianeter; redrawn cold to 13 pin ,diametor, and ‘stabilized.

,< Aviona.:l D, extruded to 20 n.ndiar.eter; reclrawn cold to 18
nn dian.eter, and’ Gtalilized.

Peralunan 2, extrud”e.d to 25 nn Naneter;’ redr”awn cold to
20 nn dianeter, and ~tabilized.

F’eralu~an 7, extruded to 25 n“r.diameter; r’edrawn cold to
20 mm diameter, and stabilized.

The static testing o; these alloys yielded the fol~

Static Test. Data (at 20° C)

——...—_——_—____

A1l-oy
_—— ——________

Al pure
25/20 diam.

Antic orodal
22/1!3 diam.

Avional D
20/18 diam.

Peraluman 2
25/20 diam.
,,

Per’aluman 7
25/20 diam.
.—— ________

.—___ L____

Identi-
fication
_—__—__,___

Ez

BQ

BU

cc

CD
.———______

—--——-__—

v 0.02

0.9

3.4

6,5

7.0

11’.2
.————_—

-———-.—T.. ——— -

1
00.2 03

.—— —— —--———

1,5 8.1

6.5 31.3

9,8 18.7

7.9 22.4

11
-————

6750

7000

7300

6750

66f)o
.—-—_-

-—————.

HIl ~
-————_— .

18 37

32 31

51 13

53 19

82 9
—-------

.—,

$
.—

85

68

55

55

10

To ascertain the “relationship between the elastic
properties (a 0.02, 00.2, strain limit and the X modulus)
and the nor.entary test temperature, records were made
throughout the temperature ranqe from 20° jO 480° ‘C, wi~h
the Martens nirror instrument, and th..eobtained findings
plotted on sheets NP 2.751<3, ~353&, ““~35&a, 2Z5~a , and
2356a.

.,”

I
,,.
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. . On comparison of the ~ 0.2 strain-limit values of the
present test with the earlier values (Reports l~o. 527a/32
and 555/36) obtained in normal high-temperature tensile
test, it is seen that the earlier 0 0.2 strain limits for
stabilized pure aluminum (99.3 percent) and for stabilized
Peraluman 2, were considerably hiqher. This is due to the
fact that, on the one hand, the 00.2 limit was determined
from the machine diagram and the tensile-test period is
from 2 to 5 minutes only: whereas the period with Martens
mirror instrument and with direct-weiqht application, takes
abour one hour. It was knotvn from earlier experiments that
the ~alue~ for the 0002 strain limit ~T~uld bC as much
lower as the period of loading is %reatcr. On the other
hand, the extruded tars used in the tests descriled here,
are cold-worked lefore annoalins and completely softened,
accordingly. On conclusion of the elasticity measurement
on the individual test b~.rs, the Martens insiru~.ent W~.S
removed, the suecimens reheated to the same temperature,
and theil loaded to failure in stages by direct application
of weiqhts through a trmsmission. lover.

The o%tained data on proof stress 03, elongation at
failure 8 10, and contraction v, are reproduced on
sheets MP 2351c, 2353c, 2354c, 2355c, and 2356c. All the
tested alloys riia.nifesta drop in tensile stren~;th with as-
cendinq test temperature; the proof stress aild the con-
traction increase with ascendinq temperature up to a cer-
tain maximum vn,lue, ‘out,decrease at further iilcreased test
temperature. The test lars disclosed at the same time a
coarse recrystallization durinq the extrenely hiqh-tenper-
e,ture te-nsile test.

Since the e~rlicr tensile t~st~ had ‘oeen made at tem-
~erc~tureS of, at n3st, .450° c“,. cptinum values could ‘oe
ascertained solely on Peraluns,n 2 wld Peralunan 7. of in-
terest is the <act, thr.t these test temperatures at which
the individual aluminum alloys manifest naximum elongation
and contraction values , are in aqreenent with the pr~.cti-
CP.llV ,Iscertaincd Ontir.un hot-workinq’ %enneratures.,, Fur-
ther hot-forming, -at still hiqher ten.peratures, induces
heat cracking.

-0) Creep Strenqth
.

In the present investigation. the creep strength was
explored “Dy two n’ethods and the results conpar”efi. By the

Rohn method, the test bar is su%jected to a certain load
and the test tenperatu~e raised in stages until it yields
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under the effect Of t“he continuous Ioai a~a the last set
texnpeiature”. The thereb:~-~nduce~ stretchin~ diminishes
the test temperature acrgss regulating contacts ‘and re-.
laysm-uati~u--t’~e---s~~m-en-en fS-p-r’ac-ti-cal-ly’ thr~u~:h styetchin~,.
The automatically. requlated end ‘temperature corresponds
fairly exqctly with the %emp.erature at ,.whic~ the naterial
can be loaded as 10ng as de~iied un~er the. chosen fatigue
tensile stress, without the plastic flow ~xce”ed:ng adnissi,-
%le %ounds.

The o?)jection ‘raised aqainst this t~st nethod is ‘tha’$
the teit bar, %y ~he chosen load stage, is subject to pla”s-
tic flow .2s a result of tti.e initial r+ecessary overt enperti~
ture, and SO ‘oecomes a little’ ‘s.train-h.,ardened.. The thus-
changed naterial niqht , unless this strain-hardening is
voided “oy the existent test or overter.pcr~.ture, result in.
excessive creep-strength values. On the other hm.d, this
netkod requires t~.at.the auto~.atically adjusted end ten-
‘oerature. reaain practically constant for $ip,e,
-. Sore w:nich
1$. the c,ase for the stlldiod aluninup. 2.lloys c,fter a30ut 30
days, as Seen fron the ,ap~endod &ikngr~Jas~JP 2,3~ld, 2353&:,
~~54d, 2355d, and 2356d.

It su$~ests itself P-ow’to estP&31ish., hy strain nee2s-
urc~.ents on iho one hand, the plasiic flQ~7 of the test
bars when stressed in. the &iffcrent load stages at the end
temperature by.the Rohn netbod. On the other hand, it is
desirable to ascertain the tenpe.r~.tr.reat ~.~~nich,the test
speciu.eil stretches from t~~c 25tlq to the Z5tll hour, of load-
inq:, with a skraiii rate of 1/1000 percent per hour since,
,accordin$ to the DW standard of creep rate ~or steel, a
strain rate of 1/1000 p~rce~t per hour 5.s pernissi%le be-
tl~ccn the 25th and 35t3. lo~.dj.nghours, while the total ‘
strain, after 45 hours, nust not exceed 0.2 percent.

,. .,
These neasurenont~ WOU?!L indicato whether a short-

tine test,,method, as su~,gested fo,!rsteel, would be prac--
~ical for cr~e~-s~rengfj~ testing of aluninun ~.llOl~S.“ ““.

We ~ade a nunber of tinewyield “records’ $1~ conjunction
,: ,.

with the M,qrtens,P,irror instruti.ents. The otit’tii.nbdtest
points were plotted in curves, fron which the strain ro.tes
tat t’he individual test teriper~.tures ~,~i’dload staqes cn’n.‘o’e
computed.,. To establis~l the further, strain curve of .t!le
fht~%ue~lotided specinens, the expqrimints,,’were”’e”xtended to
& 550-hour test ‘period, and the st”r;a’inrate deterr;ined ‘06.-
tween,the 450th and 550th hour. Because’ of $~e nany ‘curves,
the individual tive-yield records have’not, been incl~ded
in tho present report. ,. .,

,,..
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The rates df strain recor”ded at the different load
stases and the ‘temperatures are included in MP .2351d,
2353d, 2354d’, 2355d: and2356d. So faras the %ars have
been tested at different t.em’peratures at the individual
load s%aqed’, t:aey are iadicated Im thin lines, the inter-
section of which with the heavier horizont&l skrai?ht
line (stra’i.nrate = 1/1000 pedcent ~er hr.), ~ives the de-
sired temperature at whidi the tars stressed with the
corresponding load stage, manifest a strain rate of 1/1000
percent per hour from the ‘25th to 35ih hour of loadin%.
Plottin~ this temperature with the related load .staqe in a
cutwe , sives the heavy solid curve of t’he creep strenqth
shown in the ‘:raphs. This curve is,
Anticorodal (XP 2353d),

with the exceptioil of
son.evhat hiqh.er th.rouqhout the.

entire temperature ran~e tha-n the curve o“ltained %y the
Rohn method. The curve for the hot yield point (0 0.2
strain limit), included for comparison, discloses that up
to a certain temperature the obtained creep stren%th lies
a“oove the “00.2 strain limit. This is due to a cold-
worlkinq occuirinq at the comparatively hiqh load stages,
which ‘strain-:hardens the stabilized. material ,and which
cai]not be removed a%ain ‘OY the present test temperature
and the employed test period.

However, since the structural parts of a desiw
should i~ot “oe stressed. %eyond the 00.2 strain limit %e-
cause of plastic flow, the ao.2 limit may, uy to around
1000C, ‘oe looked upon as the maximum safe stress for *’he
fati%”ue tensile load also. Of course, it wlust “De ‘oorne
in mind that the plastic flow of a specimen, stressed at
the heiqlit of the 00.2 limit, can be su-ostantially %reat-
er than the 0.2-percent stretch obtained by ik.e elasticity
measurement. -

Sheet liP 2358 ?ives the achieved creep-strenqth val-
ues of the tested aluminum alloys. A comparison with the
earlier data (Report No. 540/35) discloses that, in spite
of the completely softened aluminum allo~~”sused, the pres-
ent creep-strength values are, on the whole, up to 50 per-
cent higher than the others. The reason for this is, that
in the earlier tests the testinq z~achiile.swere without
shockpi”oof nounti-ng, he-ricethe qround. vibrations actually
accelerated the flow process in the test %ars.’ The con-
clusion, therefore, is that when using creep-strenqth ma-
chines with direct tveiqht application, the vibrations oc-
curring durinq the test must “oe recorded. The standards
for creep-strenqth specifications should therefore contain
also an indication of the maximum adnissi”ole stress varia-
tions in the test hara

Translatioil %y J. Vanier.,
National Advisory Committee
for Aeronautics.



.,.,

Photo P-3036.- Creep
Left,

recordingsystem.

strengthtestingmachines.
Rohn method; right, strain



NACA Technical Memorandum No. 960 MP2351a. MP2353a

.,: –.,,...

8

-@
.+
a

●I-I
l-l

Cu
.

‘2
w

.,+
Ei
.r+
l-l

cdL4
-P
m

CQ
●

o

ml
o.
0

b.

2’

100 200 300 400
Test temperature in oC.

MP2351a- Hot-elasticity measurement on stabilized pure
aluminum.(99.5%). Bar BZ extruded to 25 mm @

then redrawn cold to 20 mm O.
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MP2353a- Hot-elasticity measurement on stabilized anticorodal.

I
Bar BQ extruded to 22 mm # then redrawn cold to 18 mm d.
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MP2355a- Hot-elasticity measurements on stabilized peraluman 2.
Bar CC extruded to 25 mm @ then redrawn cold to 20 mm d.
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